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Abstract—Space diversity is an effective method to combat fading and cochannel interference (CCI) in wireless systems. In this
work, outage performances of several diversity schemes, including
a practical variation of maximal-ratio combining (MRC) that does
not require signal-to-noise ratios at different antennas, equal-gain
combining (EGC) and selection combining (SC), are compared analytically for an interference-limited environment in a Rayleigh
fading channel. Our analysis provides insight into performance
of diversity schemes in the presence of CCI, as well as assesses the
impact of cochannel interferer power distributions.

I. I NTRODUCTION
In space diversity, the received signals at antenna branches
are combined to combat fading and cochannel interference
(CCI). The common diversity schemes are maximal-ratio combining (MRC), equal gain combining (EGC), and selection
combining (SC) [1]. A number of papers have studied outage
performance of these diversity systems in fading and CCI [2][8]. However, to the authors’ knowledge, a comparative analysis of relative outage performance for these combining schemes
in fading and CCI has not been attempted. Such knowledge can
be useful to better understand the design tradeoffs in practical
cellular systems. The outage comparison for MRC, EGC and
SC with fading and additive white Gaussian noise was treated in
Brennan’s classical paper [1]. In this work, we provide a comparison study, both analytically and numerically, on the outage
probability of diversity systems with CCI and flat Rayleigh fading. Our analysis considers an arbitrary number of interferers,
as well as arbitrary interferer power distributions.
We assume that CCI is the dominant source of system degradation. Therefore, for simplicity, we ignore thermal noise in
our analysis and consider an interference-limited environment
[3],[7]-[9]. The outage is defined as the event when the signalto-interference ratio (SIR) at the combiner output drops below a
threshold β, i.e., POUT (β) = Pr {SIR < β}. In an interferencelimited environment, MRC, which maximizes output signal-tonoise ratio (SNR) and whose weights depend on noise powers
on antenna branches [1], becomes invalid. Therefore, we consider a variation of MRC, we denote as channel-matched combining (CMC), whose weights are given as the desired user’s
channel response vector1. In practical systems where diversity
branches are usually assumed to have the same noise powers,
MRC is reduced to CMC [10].
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II. S YSTEM M ODEL
We consider a system where the desired signal is corrupted
by L interfering signals, all transmitting data at rate 1/T . Assuming perfect synchronization for the desired user and sampling the output of the receiver matched filter at time t = nT ,
we obtain the baseband signal vector at an M -element receiver
as [7]
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where Ps and Pi are, respectively, the transmitting powers of
the desired and the ith interfering signals. Data symbols as [n]
and ai [m] are mutually independent with zero-mean and unit
variance. The delay of the ith interfering signal relative to the
desired signal, τi , is assumed to be uniformly distributed over
the interval [0, T ). The combined transmitter and receiver impulse response, h(t), is a Nyquist pulse with a raised cosine
spectrum and roll-off factor ρ, where 0 ≤ ρ ≤ 1. The channel
vectors of the desired and the interfering signals, cs and ci ’s,
are mutually independent. All channel vectors are assumed to
be quasi-static (constant over a time frame [7]) and to have uncorrelated realizations in different frames. We further assume
independent Rayleigh fading among diversity branches, i.e., the
elements of cs and ci are independent identically distributed
(i.i.d.) circularly symmetric complex Gaussian random variables (RV’s) with zero-mean and unit variance. In (1), zi [n]
denotes the signal inter-symbol interference from hthe ith interi
ferer. It can be shown [11] that E [zi [n]] = 0, E |zi [n]|2 =


1 − ρ/4, and E zi [n]zj∗ [n] = 0 for i 6= j. The channel vectors of the desired user and the ith interferer can be expressed,
T

and
component-wise, as cs = αs,1 ejθs,1 · · · αs,M ejθs,M
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, respectively, where θs,j and
· · · αi,M e
ci = αi,1 e
θi,j are uniformly distributed over [0, 2π). The fading amplitudes αs,j and αi,j are Rayleigh distributed with PDF fα (α) =
2
2αe−α , α ≥ 0.
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Using weight vector wCMC = cs , the output of CMC becomes
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The output SIR can be written as
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where Λi = Ps /Pi is the power ratio of the desired signal to
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the ith interfering signal, and ηi = cH
s ci / |cs | . It has been
shown in [7] that cH
s ci / |cs | is a circularly symmetric complex
Gaussian RV with zero-mean and unit variance, and is independent of cs . Hence, ηi is exponentially distributed with unit
mean.
It can be shown [12] that the outage probability of CMC for
both equal (Λ1 = · · · = ΛL = Λ) and distinct (Λi 6= Λj for
i 6= j) interferer powers can be expressed as
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It can be veri-

fied that (3) is numerically equivalent to the outage expressions
in [6, (13)-(14)] and [7, (43)]. However, as shown in Section
IV, (3) are more suitable for analytical comparison.

The outage event occurs when the branch with maximum SIR
value drops below a pre-defined threshold. That is, POUT,SC (β) =
Pr {SIRSC,1 < β, · · · , SIRSC,M < β}, where SIRSC,i is the SIR
at the ith receiving antenna. The outage probability expressions
of SC can be obtained from [2]-[4] as
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IV. A NALYTICAL O UTAGE P ROBABILITY C OMPARISONS

A. Outage Probability Comparison for CMC and EGC
We rewrite the output SIR expression of CMC in (2) as
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where νi = M ηi is exponentially distributed with mean M .
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Comparing (6) with (4), we recognize that ξ1 = L
i=1 νi /Λi in
△ PL
(6) and ξ2 = i=1 µi /Λi in (4) have the same distribution. In
(4) and (6), the denominator is independent of the numerator.
Thus, we have
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B. EGC
T

Using combining weight vector wEGC = ejθs,1 · · · ejθs,M ,
the EGC output is
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where gi,j is a circularly symmetric complex Gaussian RV with
zero-mean and unit variance. The SIR can be expressed as
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M j=1 αs,j due to the Cauchy-Schwarz inequality, we have
POUT,CMC (β) ≤ POUT,EGC (β), where equality is achieved when
M = 1 (single antenna). When M > 1, the outage probability for CMC is strictly lower than that for EGC. The above
conclusion holds for arbitrary interferer power distributions.

2

(4)

µi /Λi

2
PM
△
where µi =
is exponentially distributed with
j=1 gi,j
mean M . An exact outage analysis for EGC in Rayleigh fading
and CCI can be found in [8, (4)-(7)].

B. Outage Probability Comparison for CMC and SC
For the case of one interferer, by setting L = 1 in (3) and
(5), it is easy to see that the outage probabilities for CMC and
SC are identical for L = 1. For L > 1, it can be proved that
[12], for the special case of equal interferer powers, the outage
probabilities for CMC are smaller than those of SC. For distinct
interferer powers and L > 1, our numerical results presented in
Section V suggest that CMC still outperforms SC.

VI. C ONCLUSION
We have analytically compared the outage performance of
CMC, EGC, and SC for an interference-limited environment in
flat Rayleigh fading. We have shown that CMC has a lower outage probability than that of EGC, and that CMC has no greater
outage probability than that of SC. The relative outage performance between EGC and SC, however, depends on the number
of interferers and interferer power distribution. For finite SNRs,
the simulation results show that the relative performance between EGC and SC is SNR-dependent.
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V. N UMERICAL R ESULTS
In obtaining the numerical results, we set ρ = 0. Fig. 1 plots
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Fig. 1. Analytical outage probability for an interference-limited environment:
equal interferer powers (Λ = 10 dB), M = 4 antennas, and L = 1, 2, and 6
interferers.
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C. Outage Probability Comparison for EGC and SC
As shown in Section V, the relative outage performance of
EGC and SC depends on factors such as the number of interferers and the interferer power distribution. More interestingly, SC
can have better outage performance than EGC in the presence
of one dominant interferer. An exact analytical outage comparison for EGC and SC in CCI is difficult.
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Fig. 2. Analytical outage probability for an interference-limited environment:
distinct interferer powers (Λavg = 10 dB), M = 4 antennas, and L = 2
and 6 interferers. The interference power vectors for L = 2 and L = 6 are,
respectively, [0.1, 0.9] and [0.05, 0.1, 0.15, 0.22, 0.23, 0.25].
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